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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a digital signal 
recording device and to a digital video camera compris- 
ing such a signal recording device. 

Related Background Art 

[0002] Figs. 1A and 1B show a conventional video 
camera apparatus for A/D-converting an analog signal 
output from a solid-state image pickup element, and per- 
forming signal processing in a digital form. Referring to 
Figs. 1Aand 1 B, a video signal obtained via a lens ele- 
ment 1 , a solid-state image pickup device 2, a correla- 
tion double sampling circuit 3, and a gain adjustment 
circuit 4 is sampled by an A/D converter 5 to be convert- 
ed into a digital signal. 

[0003] The sampled digital signal is supplied to a dig- 
ital signal processing circuit 6. The digital signal 
processing circuit 6 generates a digital luminance signal 
and digital color-difference signals from the input digital 
signal. The digital luminance signal generated by the 
digital signal processing circuit 6 is converted into a 
band-limited analog luminance signal via a D/A convert- 
er 12 and a low-pass filter 13. 

[0004] The digital color-difference signals are con- 
verted into band-limited analog color-difference signals 
via D/A converters 35 and 36 and low-pass filters 37 and 
38. Furthermore, the analog color-difference signals are 
supplied to a modulation circuit 39 to be converted into 
an analog chrominance signal. The analog chromi- 
nance signal is supplied to a digital signal recording de- 
vice 21 together with the analog luminance signal. The 
processing so far is executed at the sampling frequency 
of the image pickup element. 

[0005] When YC-separated input signals are exter- 
nally input as a video signal, these signals are respec- 
tively input to switch circuits 8 and 9. When a composite 
video signal VIDEO is input, the signal VIDEO is sepa- 
rated into luminance and chrominance signals by a lu- 
minance/chrominance separation circuit 7, and the sep- 
arated signals are input to the switch circuits 8 and 9. 
One of these YC-separated input signals and the com- 
posite video signal is selected by the switch circuits 8 
and 9. 

[0006] The analog luminance and color-difference 
signals from a camera and externally input analog lumi- 
nance and color-difference signals are selected by 
switch circuits 1 4 and 1 5. The frequency band of the an- 
alog luminance signal is limited by a low-pass filter 17. 
The band-limited analog luminance signal is supplied to 
an A/D converter 18 to be converted into a digital lumi- 
nance signal. 

[0007] The analog chrominance signal is converted 



into analog color-difference signals by a demodulation 
device 40, and the analog color-difference signals are 
then converted into digital color-difference signals by A/ 
D converters 41 and 42. In this case, the A/D conversion 

s is performed at the sampling frequency of a digital VTR. 
[0008] The digital signal recording device records the 
digital luminance and color-difference signals, which are 
converted, as described above, on a magnetic tape 22. 
Thus, a digital video signal is recorded. 

10 [0009] At this time, switch circuits 25 and 26 are 
switched to the REC side, and the analog luminance and 
chrominance signals are selected and output by the 
switch circuits 25 and 26. An EVF 33 performs a display 
operation based on the output luminance and chromi- 

*5 nance signals for monitoring an image pickup operation. 
[0010] in a reproduction mode, the digital signal re- 
cording device 21 generates digital reproduced lumi- 
nance and color-difference signals from a signal repro- 
duced from the magnetic tape 22. Of these signals, the 

20 reproduced luminance signal is converted into an ana- 
log luminance signal by a D/A converter 23 which oper- 
ates at the sampling frequency of the digital VTR, and 
thereafter, the frequency band of the analog luminance 
signal is limited by a low-pass filter 24, thus obtaining 

25 an analog reproduced luminance signal. 

[0011] On the other hand, the digital color-difference 
signals are converted into analog color-difference sig- 
nals by D/A converters 28 and 29 which operate at the 
sampling frequency of the digital VTR. The frequency 

30 bands of these analog color-difference signals are then 
limited by low-pass filters 30 and 31 to obtain an analog 
reproduced color-difference signal. Furthermore, the 
analog reproduced color-difference signal is modulated 
by a modulation device 32. 

35 [0012] At this time, the switch circuits 25 and 26 are 
switched to the PB side, selecting the modulated analog 
reproduced color-difference signals together with the 
analog reproduced luminance signal, and output these 
signals as a reproduced video signal. 

40 [0013] In the case of the conventional digital video 
camera apparatus shown in Figs. 1A and 1B ( in order 
to allow recording/reproduction of both digital luminance 
and color-difference signals from the camera and exter- 
nal analog luminance and color-difference signals, 

45 many A/D converters, D/A converters, and the like are 
required. For this reason, the circuit scale constituting 
the digital video camera apparatus becomes large, and 
it is difficult to reduce cost. 

[0014] In conventional image pickup recording appa- 
50 ratuses adopting a digital signal processing system, an 
image pickup signal processing circuit is an analog cir- 
cuit, and an output signal from the analog processing 
circuit is converted into a digital signal. For this reason, 
due to a large circuit scale, the number of components 
55 becomes large, and current consumption undesirably 
increases. Also, it is difficult to make the apparatus com- 
pact, and to reduce cost. 

[0015] Since the apparatus includes both an analog 
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signal processing circuit and a digital signal processing 
circuit, a sufficient S/N ratio cannot often be obtained 
due to interference such as mixing of a digital signal into 
an analog signal, and the apparatus cannot be rendered 
compact. 

[0016] Since the image pickup signal processing cir- 
cuit adopts analog processing, image quality is deter- 
mined by performance such as the frequency charac- 
teristics, noise characteristics, a change in performance 
due to a change in temperature, a variation in charac- 
teristics in units of circuits, and the like, and it is difficult 
to achieve high image quality. 

[0017] In order to attain special effects using a frame 
memory and a digital calculation, a still larger number 
of circuit components are required. As a result, it is dif- 
ficult to make the apparatus compact, and power con- 
sumption undesirably increases. 
[0018] WO-9 1/03909 discloses a television signal for- 
mat converter for converting without loss of picture in- 
formation any high definition television format to or from 
a given recorder/player format. An interface converts 
between RGB luminance/chrominance inputs and be- 
tween analog and digital inputs. 
[0019] The present invention has been made in con- 
sideration of the above-mentioned problems, and aims 
to simplify the circuit arrangement of a digital video cam- 
era apparatus which selects one of a video signal from 
a digital video camera and a video signal from an exter- 
nal input terminal, and records the selected video signal 
on a recording medium. 

[0020] Embodiments of the present invention provide 
a digital video camera apparatus having a small number 
of components and simplify the circuit arrangement of 
an apparatus for digitally recording an image pickup sig- 
nal. 

[0021] In accordance with the present invention there 
is provided a digital signal recording device for digitally 
recording an image on a video tape at a sampling fre- 
quency, said digital signal recording device being ar- 
ranged to receive digital luminance and digital colour in- 
formation signals and analog luminance and analog col- 
our information signals, characterised in that said re- 
cording device includes : 

an A/D converter for A/D converting a said analog 
luminance signal into a digital luminance signal at 
said sampling frequency, and 
an A/D converter for A/D converting a said analog 
colour information signal into a digital signal at a fre- 
quency corresponding to an integer multiple of the 
sub-carrier frequency, which frequency is different 
from said sampling frequency. 

[0022] In an embodiment of the present invention, the 
chrominance signal is supplied in a state of a digital sig- 
nal sampled at the frequency of clocks of the image pick- 
up element. 

[0023] In an embodiment of the present invention, an 



externally input luminance signal is supplied in a state 
of an analog signal, and an externally input chrominance 
signal is supplied in a state of a digital signal which is 
sampled at a frequency four times that of a subcarrier. 
s [0024] Therefore, when a signal from a solid-state im- 
age pickup element is A/D-converted and processed in 
a digital region, and the processed signal is then con- 
nected to an existing digital recording device, a lumi- 
nance signal supplied from the solid-state image pickup 
to element and an externally input luminance signal are 
supplied in an analog state, color-difference signals are 
supplied to the digital recording device in a state of dig- 
ital color-difference signals at the sampling frequency of 
the solid-state image pickup element, and an externally 
'5 input chrominance signal is supplied after it is sampled 
at a frequency four times that of the subcarrier, and the 
sampled signal is converted into digital color-difference 
signals. Therefore, the arrangement of the circuit re- 
quired for selecting one of a video signal input from the 
20 digital video camera and a video signal input from the 
external input terminal, and recording the selected sig- 
nal on a recording medium can be simplified. 
[0025] In an embodiment of the present invention, 
when a signal from a solid-state image pickup element 
25 is A/D-converted and processed in a digital region, and 
the processed signal is then connected to an existing 
digital signal recording device, an externally input lumi- 
nance signal to be supplied to the digital signal recording 
device is A/D-converted at the sampling frequency of 
30 the digital signal recording device, and an externally in- 
put chrominance signal to be supplied to the digital sig- 
nal recording device is A/D-converted at, e.g., a fre- 
quency four times the subcarrier frequency. 
[0026] In an embodiment of the present invention, 
35 when a signal from a solid-state image pickup element 
is A/D-converted and processed in a digital region, and 
the processed signal is then connected to an existing 
digital signal recording/reproduction device, digital 
color-difference signals from a camera unit are supplied 
to a modulation circuit without changing their sampling 
frequency, e.g., four times the subcarrier frequency, and 
color-difference output signals from the digital signal re- 
cording/reproduction device are frequency-converted 
and are then modulated in the digital region. 
45 [0027] In an embodiment of the present invention, 
when a signal from a solid-state image pickup element 
is A/D-converted and processed in a digital region, and 
the processed signal is then connected to an existing 
digital signal recording/reproduction device, the sam- 
50 pijng frequency of digital color-difference signals from a 
camera unit is converted, and color-difference signals 
to be output are modulated in an analog region. 
[0028] In this manner, the number of components can 
be decreased, and an existing digital signal processing 
55 camera and an existing digital VTR can be easily con- 
nected. 

[0029] An image pickup recording apparatus accord- 
ing to another embodiment of the present invention has 
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an electronic zoom circuit for electronically enlarging or 
reducing an image. The apparatus has a first clock for 
operating an image pickup unit, and a second clock, 
having a frequency different from that of the first clock, 
for operating a recording unit. In the electronic zoom cir- 
cuit, image pickup video signal data at the first clock rate 
is converted into video signal data at the second clock 
rate. 

[0030] According to another embodiment of the 
present invention, a circuit for separating and forming a 
luminance signal and a chrominance signal from a dig- 
ital signal obtained by A/D-con verting a color image 
pickup element output signal is constituted by a plurality 
of stages of delay circuits, a plurality of coefficient mul- 
tipliers for respectively multiplying the outputs from the 
plurality of stages of delay circuits with predetermined 
coefficients, an adding up circuit for adding up the out- 
puts from the plurality of coefficient multipliers, and a 
chrominance signal forming circuit for forming a chromi- 
nance signal using some of signals output from the plu- 
rality of stages of delay circuits. 
[0031 ] Therefore, since image pickup video signal da- 
ta at the first clock rate for operating the image pickup 
unit and video signal data at the second clock rate for 
operating the recording unit are converted in the elec- 
tronic zoom circuit, a video signal formed by a camera 
can be recorded by a digital recorder without being D/A 
converted, thus minimizing deterioration of image qual- 
ity. In addition, since the number of digital circuit portions 
increases, high integration, low power consumption, 
and high precision can be realized. 
[0032] The above and other objects and features of 
the present invention will become apparent from the fol- 
lowing description of the specification and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 

Fig. 1 which is comprised of Figs. 1 A and 1B is a 
block diagram showing the arrangement of a con- 
ventional digital video camera apparatus; 
Fig. 2 which is comprised of Figs. 2A and 2B is a 
block diagram showing a digital video camera ap- 
paratus according to the first embodiment of the 
present invention; 

Fig. 3 which is comprised of Figs. 3A and 3B is a 
block diagram showing a digital video camera ap- 
paratus according to the second embodiment of the 
present invention; 

Fig. 4 is a block diagram showing the third embod- 
iment of the present invention; 
Fig. 5 is a block diagram showing the fourth embod- 
iment of the present invention; 
Fig. 6 is a block diagram showing the fifth embodi- 
ment of the present invention; 
Fig. 7 is a block diagram showing the sixth embod- 
iment of the present invention; 



Fig. 8 which is comprised of Figs. 8A and 8B is a 
block diagram showing an image pickup recording 
apparatus according to the seventh embodiment of 
the present invention; 
5 Fig. 9 is a circuit diagram showing in detail the ar- 
rangement of an electronic zoom circuit in Figs. 8A 
and 8B; 

Fig. 1 0 is a circuit diagram showing in detail another 
arrangement of the electronic zoom circuit in Figs. 

to 8A and SB; 

Figs. 11 A and 11 B is a block diagram showing the 
eighth embodiment of the present invention; 
Fig. 12 is a block diagram showing in detail main 
part of an electronic zoom circuit in Figs. 11 A and 

is 11 B; 

Fig. 13 is a block diagram showing the ninth em- 
bodiment of the present invention; 
Fig. 14 is a circuit diagram showing in detail the ar- 
rangement of a filter color separation block in Fig. 

20 13; and 

Fig. 1 5 is a circuit diagram showing in detail another 
arrangement of the filter color separation block in 
Fig. 13. 

25 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] The preferred embodiments of a digital video 
camera apparatus according to the present invention 
30 will be described hereinafter with reference to the ac- 
companying drawings. Figs. 2A and 2B are a block di- 
agram showing the arrangement of a video camera ap- 
paratus according to the first embodiment of the present 
invention. 

35 [0035] As shown in Figs. 2A and 2B, a video signal 
obtained via a lens element 1 , a solid-state image pickup 
device 2, a correlation double sampling circuit 3, and a 
gain adjustment circuit 4 is sampled by an A/D converter 
5 at a clock frequency (MCLK) of the solid-state image 

40 pickup device 2 to be converted into a digital signal. 
[0036] A digital signal processing circuit 6 generates 
a digital luminance signal and digital color-difference 
signals. Thereafter, the digital luminance signal is sup- 
plied as a band-limited analog luminance signal to a 

45 switch circuit 1 4 via a D/A converter 1 2 and a low-pass 
filter 1 3. The digital color-difference signals are supplied 
to switch circuits 15 and 16. 

[0037] When YC-separated input signals are exter- 
nally input as a video signal, these signals are directly 

so input to switch circuits 8 and 9. When a composite video 
signal is input as an externally input video signal, the 
composite video signal is separated into luminance and 
chrominance signal by a luminance/chrominance sepa- 
ration circuit 7, and the separated signals are input to 

55 the switch circuits 8 and 9. Of these switch circuits 8 and 
9, the switch circuit 8 is arranged for selecting a lumi- 
nance signal Y, and the switch circuit 9 is arranged for 
selecting a chrominance signal C. 
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[0038] The chrominance signal separated by the 
switch circuit 9 is supplied to an A/D converter 10. The 
chrominance signal is converted into a digital signal by 
the A/D converter 10 at a frequency four times the sub- 
carrier frequency, and the digital chrominance signal is 5 
supplied to a demodulation device 11. The digital 
chrominance signal is converted into digital color-differ- 
ence signals by the demodulation circuit 11. 
[0039] The analog luminance signal and the digital 
color-difference signals from the camera, and the exter- 
nally input analog luminance signal and digital color-dif- 
ference signals are respectively selected by switch cir- 
cuits 14 to 16. The frequency band of the analog lumi- 
nance signal is limited by a low-pass filter 17, and the 
band-limited signal is supplied to an A/D converter 18 
to be converted into a digital luminance signal. At this 
time, sampling is performed at the sampling frequency 
of a digital VTR. 

[0040] The frequencies of the digital color-difference 
signals are converted by sampling frequency conver- 
sion circuits 1 9 and 20 from the clock frequency (MCLK) 
of the solid-state image pickup device 2 or the frequency 
four times the subcarrier frequency to the sampling fre- 
quency of the digital VTR. 

[0041] The converted digital luminance and color-dif- 
ference signals are supplied to a digital signal recording 
device 21 , and are recorded on a magnetic tape 22 by 
the digital signal recording device 21 . Thus, a digital vid- 
eo signal is recorded. 

[0042] At this time, switch circuits 25 to 27 are 
switched to the REC side, and the analog luminance sig- 
nal is directly output. The digital color-difference color- 
difference signals are converted into analog signals by 
D/A converters 28 and 29 which operate at the sampling 
frequency of the digital VTR, and the analog color-dif- 
ference signals are modulated and converted into a 
chrominance signal by a modulation device 32. The 
chrominance signal is output. An EVF 33 performs a dis- 
play operation using the output luminance and chromi- 
nance signals, and a displayed image is utilized for mon- 
itoring in an image pickup operation. 
[0043] In a reproduction mode, the digital signal re- 
cording device 21 receives a signal reproduced from the 
magnetic tape 22, and generates digital reproduced lu- 
minance and color-difference signals. Of these repro- 
duced signals, the reproduced luminance signal is con- 
verted into an analog luminance signal by a D/A con- 
verter 23 which operates at the sampling frequency of 
the digital VTR. Thereafter, the frequency band of the 
analog luminance signal is limited by a low-pass filter 
24, thus obtaining an analog reproduced luminance sig- 
nal. 

[0044] The second embodiment of the present inven- 
tion will be described below with reference to Figs. 3A 
and 3B. The same reference numerals in Figs. 3A and 
3B denote the same parts as in Figs. 2A and 2B. 
[0045] A video signal obtained via a lens element 1 , 
a solid-state image pickup device 2, a correlation double 



sampling circuit 3, and a gain adjustment circuit 4 is 
sampled by an A/D converter 5 at a clock frequency 
(MCLK) of the solid-state image pickup device 2 to be 
converted into a digital signal. 

[0046] A digital signal processing circuit 6 generates 
a digital luminance signal and digital color-difference 
signals. Thereafter, the digital luminance signal is sup- 
plied as a band-limited analog luminance signal to a dig- 
ital signal recording device 21 via a D/A converter 1 2 
and a low-pass filter 13 together with the digital color- 
difference signals. 

[0047] When YC-separated input signals are exter- 
nally input as a video signal, these signals are input to 
switch circuits 8 and 9. When a composite video signal 
is input as an externally input video signal, the compos- 
ite video signal is separated into luminance and chromi- 
nance signal by a luminance/chrominance separation 
circuit 7, and the separated signals are input to the 
switch circuits 8 and 9. One of these video signals is 
selected by the switch circuits 8 and 9, and the selected 
video signal is supplied to subsequent circuits. 
[0048] Thereafter, the chrominance signal is convert- 
ed into a digital signal by an A/D converter 10 at a fre- 
quency four times the subcarrier frequency, and the dig- 
ital signal is converted into digital color-difference sig- 
nals by a demodulation device 11 . 
[0049] The analog luminance signal and the digital 
color-difference signals from a camera and the external- 
ly input analog luminance signal and digital color-differ- 
ence signals are supplied to switch circuits 1 4 to 1 6, and 
signals selected by these switch circuits are supplied to 
subsequent circuits. 

[0050] The frequency band of the analog luminance 
signal is limited by a low-pass filter 17, and the band- 
limited signal is converted into a digital luminance signal 
by an A/D converter 18. At this time, sampling is per- 
formed at the sampling frequency of a digital VTR. 
[0051] The frequencies ol the digital color-difference 
signals are converted by sampling frequency conver- 
sion circuits 19b and 20b from the clock frequency 
(MCLK) of the solid-state image pickup device 2 or the 
frequency four times the subcarrier frequency into the 
sampling frequency of the digital VTR. 
[0052] At this time, a switch circuit 34 selects whether 
a connected device is a digital camera or an external 
input, and the sampling frequency conversion circuits 
1 9b and 20b change coefficients based on the selection 
result so as to convert the clock frequency (MCLK) into 
the sampling frequency of the digital VTR or to convert 
the frequency four times the subcarrier frequency into 
the sampling frequency of the digital VTR. 
[0053] Thus, even when the clock frequency (MCLK) 
is not equal to the frequency four times the subcarrier 
frequency (for example, in the case of an NTSC device 
using a solid-state image pickup element having 
250,000 pixels), frequency conversion can be appropri- 
ately performed. 

[0054] The digital signal recording device 21 records 
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the converted digital luminance and color-difference sig- 
nals on a magnetic tape 22. Thus, a digital video signal 
is recorded. At this time, switch circuits 25 to 27 are 
switched to the REC side, and the analog luminance sig- 
nal is directly output. 

[0055] The digital color-difference signals are con- 
verted into analog color-difference signals by D/A con- 
verters 28 and 29 which operate at the sampling fre- 
quency of the digital VTR, and thereafter, the frequency 
bands of the analog color-difference signals are limited 
by low-pass filters 30 and 31 . The band-limited signals 
are modulated by a modulation device 32 to be convert- 
ed into a chrominance signal. Thus, the chrominance 
signal is output. An EVF 33 performs a display operation 
using the output luminance and chrominance signals, 
and a displayed image is utilized for monitoring in an 
image pickup operation. 

[0056] Furthermore, in a reproduction mode, the dig- 
ital signal recording device 21 receives a signal repro- 
duced from the magnetic tape 22, and generates digital 
reproduced luminance and color-difference signals. Of 
these reproduced signals, the reproduced luminance 
signal is converted into an analog luminance signal by 
a D/A converter 23 which operates at the sampling fre- 
quency of the digital VTR. Thereafter, the frequency 
band of the analog luminance signal is limited by a low- 
pass filter 24, thus obtaining an analog reproduced lu- 
minance signal. 

[0057] At this time, the switch circuits 25 to 27 are 
switched to the PB side, and the analog luminance sig- 
nal is directly output. The digital color-difference color- 
difference signals are converted into analog signals by 
the D/A converters 28 and 29 which operate at the sam- 
pling frequency of the digital VTR. Thereafter, the ana- 
log color-difference signals are modulated by the mod- 
ulation device 32 into a chrominance signal. The chromi- 
nance signal is output as a reproduced video signal to- 
gether with the luminance signal. 
[0058] In each of the embodiments of the present in- 
vention, as described above, when a video signal ob- 
tained by A/D-converting a signal output from the solid- 
state image pickup element and processing the digital 
signal on a digital region, and a video signal input from 
an external input terminal are supplied to the digital sig- 
nal recording device, and are recorded on a recording 
medium, a luminance signal and an externally input lu- 
minance signal are supplied to the digital signal record- 
ing device in a state of analog signals, and a chromi- 
nance signal is supplied thereto in a state of a digital 
signal. For this reason, the circuit arrangement of the 
digital video camera apparatus, which can select one of 
a video signal form the digital video camera and a video 
signal from the external input terminal, and can record 
the selected signal on a recording medium, can be sim- 
plified, and cost can be reduced. 
[0059] Fig. 4 shows the third embodiment of the 
present invention. Referring to Fig. 4, a video signal ob- 
tained via a lens element 101 and a solid-state image 



pickup element 102 is converted into a digital signal by 
an A/D converter 105 via a correlation double sampling 
circuit 103 and a gain adjustment circuit 104. The video 
signal is sampled by the A/D converter 105 at a clock 
5 frequency (MCLK) of the solid-state image pickup ele- 
ment 102. A digital signal processing circuit 106 gener- 
ates a digital luminance signal Y and a digital chromi- 
nance signal C from the camera input signal. 
[0060] The frequency of the digital luminance signal 
10 Y is converted by a frequency converter 134 from the 
clock frequency (MCLK) of the solid-state image pickup 
element 102 into a sampling frequency (about 13.5 
MHz) of a digital signal recording/reproduction device 
(digital recorder) 113. Thereafter, the digital luminance 
*5 signal is supplied to a selector 135. 

[0061] The luminance signal Y from an external input 
terminal 110 is sampled at the sampling frequency 
(about 13.5 MHz) of the digital recorder 113 by an A/D 
converter 136 so as to be A/D-converted into a digital 
20 signal. Thereafter, the digital luminance signal is sup- 
plied to the selector 1 35. The selector 1 35 selects one 
of the camera input luminance signal Y and the exter- 
nally input luminance signal Y, and supplies the selected 
luminance signal to the digital recorder 113. 
25 [0062] On the other hand, the digital chrominance sig- 
nal C generated by the digital signal processing circuit 
106 is supplied to a selector 137. A chrominance signal 
C from an external input terminal 118 is sampled at a 
sampling frequency 4^ four times a subcarrier frequen- 
30 C Y f«jc an A/D converter 138 so as to be converted 
into a digital signal. The selector 1 37 selects one of the 
camera input chrominance signal C and the externally 
input chrominance signal C. The output from the selec- 
tor 1 37 is demodulated by a demodulator 11 9, thus ob- 
35 taining digital color-difference signals R-Y and B-Y At 
this time, the sampling frequency of each color-differ- 
ence signal is 4^, but the sampling frequency of the 
digital recorder 113 is about 1 3.5 MHz. Thus, the color- 
difference signals R-Y and B-Y are subjected to fre- 
40 quency conversion by frequency converters 1 39a and 
139b. Thus, the digital color-difference signals having 
the sampling frequency of 1 3.5 MHz are input to the dig- 
ital recorder 1 1 3, and are recorded on a tape 1 1 4 togeth- 
er with the digital luminance signal Y 
45 [0063] In a reproduction mode, a digital video signal 
recorded on the tape 114 is reproduced by the digital 
recorder 113. The digital reproduced luminance signal 
is converted into an analog signal by a D/A converter 
141 at the sampling frequency of the digital recorder 113 
so via a selector 140, and the analog signal is output from 
an output terminal 125 as a luminance signal Y via a 
tow-pass filter 142. Note that, in a recording mode, the 
output from the selector 135 is directly supplied to the 
selector 140 to monitor the luminance signal Y at the 
55 output terminal 125. 

[0064] On the other hand, the reproduced digital 
color-difference signals R-Y and B-Y are subjected to 
frequency conversion by frequency converters 1 43 and 
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144, respectively. At this time, the sampling frequency 
is converted from the sampling frequency (1 3.5 MHz) of 
the digital recorder 1 1 3 to 4f sc . The frequency-converted 
color-difference signals are respectively supplied to se- 
lectors 145 and 146. These signals are modulated by a 
digital modulator 147 into a digital chrominance signal. 
The digital chrominance signal is converted into an an- 
alog signal by a D/A converter 148 at the sampling fre- 
quency 4f sc , and the analog chrominance signal is out- 
put from an output terminal 1 32 as a chrominance signal 
C via a low-pass filter 149. Note that, in the recording 
mode, the outputs from the demodulator 1 1 9 are directly 
supplied to the selectors 1 45 and 1 46 without converting 
their sampling frequency from 4^, thus monitoring the 
chrominance signal C at the output terminal 132. 
[0065] Fig. 5 shows the fourth embodiment of the 
present invention. The same reference numerals in Fig. 

5 denote the same parts as in Fig. 4. 

[0066] In this embodiment, the arrangement and op- 
eration in the recording mode, the arrangement and op- 
eration associated with the luminance signal Y in the re- 
production mode are the same as those in Fig. 4. There- 
fore, the arrangement and operation associated with the 
chrominance signal in the reproduction mode will be ex- 
plained below. 

[0067] Digital reproduced color-difference signals R- 

Y and B-Y reproduced by a digital recorder 113 are re- 
spectively supplied to selectors 1 45 and 1 46. These sig- 
nals are respectively converted into analog signals by 
D/A converters 150 and 151 at the sampling frequency 
of the digital recorder 1 1 3, and the analog signals are 
analog-modulated by a modulator 130 via low-pass fil- 
ters 152 and 153, thus obtaining a chrominance signal 
C to be output to an output terminal 1 32. In the recording 
mode, the outputs from frequency converters 1 39a and 
1 39b are supplied to the selectors 1 45 and 1 46, and af- 
ter they are subjected to D/A conversion and modula- 
tion, the chrominance signal C at the output terminal 1 32 
is monitored. 

[0068] Fig. 6 shows the fifth embodiment of the 
present invention. The same reference numerals in Fig. 

6 denote the same parts as in Figs. 1 A to 5. Referring 
to Fig. 6, a digital signal converted by an A/D converter 
105 at a clock frequency (MCLK) of a solid-state image 
pickup element 102 is supplied to a digital signal 
processing circuit 106, thus generating a digital lumi- 
nance signal Y and digital color-difference signals R-Y 
and B-Y 

[0069] The digital luminance signal Y is converted into 
an analog signal by a D/A converter 154 at the sampling 
frequency MCLK, and the analog signal is input to a se- 
lector 156 via a low-pass filter 155. A luminance signal 

Y at an external input terminal 110 is input as an analog 
signal to the selector 156. The selector 156 selects one 
of the camera input luminance signal Y and the exter- 
nally input luminance signal Y. The selected signal is fil- 
tered through a low-pass filter 1 57, and is then convert- 
ed into a digital signal by an A/D converter 15B at the 



sampling frequency (about 1 3.5 MHz) of a digital record- 
er 1 1 3. The digital signal is supplied to the digital record- 
er 113. 

[0070] On the other hand, the digital color-difference 
5 signals R-Y and B-Y generated by the digital signal 
processing circuit 106 are respectively supplied as dig- 
ital signals to selectors 1 59 and 1 60. A chrominance sig- 
nal C at an external input terminal 11 8 is converted into 
a digital signal by an A/D converter 161 , and the digital 
10 signal is input to a demodulator 1 62, thus generating ex- 
ternally input color-difference signals R-Y and B-Y. The 
selectors 159 and 160 select either the camera input 
color-difference signals or the externally input color-dif- 
ference signals. At this time, the sampling frequency of 
*s each of the color-difference signals output from the se- 
lectors 159 and 160 is 4f sc , but the sampling frequency 
of the digital recorder 11 3 is 13.5 MHz. For this reason, 
the color-difference signals R-Y and B-Y are subjected 
to frequency conversion by frequency converters 1 39a 
20 and 1 39b, respectively. Thus, the digital color-difference 
signals having the sampling frequency of 1 3.5 MHz are 
input to the digital recorder 1 1 3, and are recorded on a 
tape 114 together with the luminance signal Y 
[0071] In a reproduction mode, a digital reproduced 
25 luminance signal reproduced from the tape 114 by the 
digital recorder 113 is converted into an analog signal 
by a D/A converter 122 at a sampling frequency (about 
13.5 MHz), and the analog signal is input to a selector 
140 via a low-pass filter 123. Then, the analog lumi- 
30 nance signal is output from an output terminal 1 25 as a 
luminance signal Y. In a recording mode, the output from 
the selector 156 is directly supplied to the selector 140, 
thus monitoring the luminance signal Y at the output ter- 
minal 125. 

35 [0072] On the other hand, the frequencies of repro- 
duced digital reproduced color-difference signals R-Y 
and B-Y are converted by frequency converters 1 43 and 
144 from the sampling frequency of 13.5 MHz to 4f sc . 
The frequency-converted color-difference signals are 
40 respectively supplied to selectors 1 45 and 1 46, and are 
modulated by a digital modulator 147, thus obtaining a 
chrominance signal. The chrominance signal is convert- 
ed into an analog signal by a D/A converter 148 at the 
sampling frequency 4f sc , and the analog signal is filtered 
45 through a low-pass filter 149, thus obtaining a chromi- 
nance signal C at an output terminal 1 32. In the record- 
ing mode, the outputs from the selectors 159 and 160 
are supplied to the selectors 1 45 and 1 46 without con- 
verting their sampling frequencies from 4f sc , thus mon- 
50 itoring the chrominance signal C at the output terminal 
132. 

[0073] Fig. 7 shows the sixth embodiment of the 
present invention. The same reference numerals in Fig. 
7 denote the same parts as in Figs. 1 A to 6. 
55 [0074] In this embodiment, the arrangement and op- 
eration in the recording mode, the arrangement and op- 
eration associated with the luminance signal Y in the re- 
production mode are the same as those in the fifth em- 
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bodiment. Therefore, the arrangement and operation 
associated with the chrominance signal in the reproduc- 
tion mode will be explained below. 
[007S] Referring to Fig. 7, digital reproduced color-dif- 
ference signals R-Y and B-Y reproduced by a digital re- s 
corder 113 are input to selectors 145 and 146. These 
signals are converted into analog signals by D/A con- 
verters 150 and 151 at a sampling frequency of 13.5 
MHz, and the analog signals are filtered through low- 
pass filters 152 and 153. The filtered signals are then 
modulated by a modulator 1 30, and the modulated sig- 
nal is output to an output terminal 132. In a recording 
mode, the outputs from frequency converters 1 39a and 
1 39b are directly supplied to the selectors 1 45 and 1 46, 
thus monitoring a chrominance signal C at the output 
terminal 132. 

[0076] As described above, in the third embodiment, 
an externally input luminance signal to be supplied to 
the digital recorder is A/D-converted at the sampling fre- 
quency of the digital recorder, and an externally input 
chrominance signal to be supplied to the digital recorder 
is A/D-converted at a frequency four times the subcar- 
rier frequency. 

[0077] In the fourth embodiment, color-difference sig- 
nals from a camera unit are supplied to the modulator 
without changing their frequency from the sampling fre- 
quency 4f sc . When a video signal is output, the sampling 
frequency of color-difference output signals from the 
digital recorder is converted into 4f sc , and these color- 
difference signals are modulated in a digital region to 
generate a chrominance signal. 
[0078] In the fifth embodiment, the sampling frequen- 
cy of input color-difference signals R-Y and B-Y is con- 
verted from 4^ into the sampling frequency of the digital 
recorder. In addition, when a video signal is output, dig- 
ital color-difference signals are D/A-converted at the 
sampling frequency, and the analog color-difference 
signals are modulated in an analog region to generate 
a chrominance signal. 

[0079] Therefore, according to these embodiments, 
the number of components can be decreased, and an 
existing digital camera and an existing digital signal re- 
cording/reproduction device such as a digital VTR can 
be easily connected. 

[0080] Figs. 8A and 8B are a block diagram showing 
the arrangement of an image pickup recording appara- 
tus according to the seventh embodiment of the present 
invention. Referring to Figs. 8Aand 8B, an image pickup 
lens 201 includes a diaphragm and an optical filter. 
[0081] The apparatus shown in Figs. 8A and 8B in- 
cludes a CCD 202 as a color image pickup element, and 
a camera timing generator 203. The camera timing gen- 
erator 203 generates timing pulses necessary for the 
CCD 202, a signal processing circuit (to be described 
later), and the like. The outputs from the CCD 202 are 
converted into a continuous output by a sample & hold 
(S/H) circuit 204. 

[0082] The apparatus includes A/D converters 205, 



213, 215, and 216, and a camera signal processing cir- 
cuit 206. The camera signal processing circuit 206 per- 
forms filtering, color separation, gamma correction, gain 
adjustment, clipping, and the like by digital calculations. 
The apparatus includes an electronic zoom circuit 207 
for enlarging/reducing an image using a memory, Y (lu- 
minance)-C (chrominance) separated external video 
signal input terminals 208, and an external video input 
terminal 209 for a composite video signal. 
[0083] The apparatus includes a YC separation circuit 
210 for extracting Y and C signals from an input com- 
posite video signal, switch circuits 211 and 212 for 
switching the types of externally input signals in accord- 
ance with YC-separated (S) signals/composite (CO) 
signal, and a color demodulation circuit 214 for separat- 
ing and demodulating color-difference signals R-Y and 
B-Y from the input C signal. 

[0084] The apparatus includes a zoom terminal 217 
for inputting a zoom signal ZOOM, switch circuits 218, 
219, and 220 for switching the types of input signals in 
accordance with a switching signal CAMERA (image 
pickup signal)/LINE (external input), and a digital re- 
corder circuit 221 for performing signal processing such 
as data compression/expansion, digital modulation/de- 
modulation, and the like. 

[0085] The apparatus includes a recording/reproduc- 
tion head (magnetic head) 222, a digital videotape 223, 
switch circuits 224, 225, and 226 for switching the types 
of output signals in accordance with a switching signal 
REC (recording)/PB (reproduction), D/A converters 
228, 229, and 230, low-pass filters 231, 232, and 233, 
a color modulation circuit 234 for receiving color-differ- 
ence signals R-Y and B-Y and outputting a modulated 
chrominance signal C, and YC separated video output 
terminals 235. 

[0086] In the image pickup recording apparatus of this 
embodiment with the above-mentioned arrangement, 
when the switch circuits 218, 219, 220, 224, 225, and 
226 are switched in accordance with signals CAMERA/ 
LINE and REC/PB generated by a control signal (not 
shown) in Figs. 8A and 8B, three major modes, i.e. , cam- 
era recording, external input recording, and reproduc- 
tion modes are realized. Operations in these modes will 
be described in turn below. 

[0087] The camera recording mode will be described 
below. In this mode, the switch circuits 218, 219, and 
220 are connected to the CAMERA (C) side, and the 
switch circuits 224, 225, and 226 are connected to the 
REC (R) side. 

[0088] An object image formed on the image pickup 
surface of the CCD 202 by the image pickup lens 201 
is photoelectrical^ converted by the CCD 202 into elec- 
trical signals, and the electrical signals are sequentially 
read out according to a driving signal generated by the 
camera timing generator 203, thus obtaining image 
pickup signals. The image pickup signals are converted 
by the S/H circuit 204 into a continuous image pickup 
signal, and this signal is converted into a digital image 
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pickup signal by the A/D converter 205. 
[0089] The digital image pickup signal is subjected to 
the above-mentioned signal processing, i.e., filtering, 
color separation, gamma correction, clipping, and the 
like, by the camera signal processing circuit 206, thus 
obtaining a juminance signal Y and color-difference sig- 
nals R-Y and B-Y. These signals are then input to the 
electronic zoom circuit 207, and are subjected to en- 
largement or reduction processing according to a zoom 
signal ZOOM input from the zoom terminal 217. The 
processed signals are then input to the digital recorder 
circuit 221 via the switch circuits 218, 219, and 220. 
[0090] In the digital recorder circuit 221 , the input sig- 
nals are subjected to processing such as data compres- 
sion, digital modulation, and the like. The digital record- 
ing signal output from the circuit 221 is recorded on the 
digital video tape 223 via the magnetic head 222: 
[0091] The outputs from the switch circuits 21 B, 219, 
and 220 are respectively supplied to the D/A converters 
228, 229, and 230 via the switch circuits 224, 225, and 
226, and are D/A-converted by these D/A converters 

228, 229, and 230. 

[0092] The D/A-converted outputs from the switch cir- 
cuits 218,219, and 220 are supplied to the low-pass fil- 
ters 231 , 232, and 233, and low-frequency signals are 
extracted therefrom. The output from the low-pass filter 
231 is directly output as a luminance (Y) signal from the 
corresponding output terminal 235 to an external device 
such as a television monitor (not shown) as a monitor 
signal. 

[0093] The outputs from the low-pass filters 232 and 
233 are balanced-modulated by a color subcarrier in the 
color modulation circuit 234, thus obtaining a chromi- 
nance signal C. The chrominance signal C is output from 
the corresponding output terminal 235 together with the 
above-mentioned Y signal. Note that the electronic 
zoom circuit 207 receives synchronization signals HD 
and VD generated by the camera timing generator 203, 
and operates in synchronism with these signals. 
[0094] At this time, as a clock signal for operating the 
respective units, the CCD 202, the S/H circuit 204, the 
A/D converter 205, and the camera signal processing 
circuit 206 use a camera clock (to be referred to as a 
CCLK hereinafter) generated by the camera timing gen- 
erator 203. 

[0095] In the electronic zoom circuit 203, the former 
half circuit portion uses the CCLK, and the latter half 
circuit portion uses a recorder clock (to be referred to as 
RCLK hereinafter) generated by the digital recorder cir- 
cuit 221 . At the joint portion of these two circuit portions, 
the clock rate conversion is performed. Furthermore, the 
digital recorder circuit 221 , and the D/A converters 228, 

229, and 230 use the RCLK. 

[0096] The reason why different clock rates are used 
is that the CCD 202 and the like use a reference clock 
frequency (for example, 10 MHz in the case of a CCD 
having 250,000 pixels; about 14 MHz in the case of a 
CCD having 380,000 pixels) according to the number of 



pixels of the CCD, and the digital recorder circuit 221 
uses a reference clock frequency (e.g., 13.5 MHz) de- 
termined by its recording format. 
[0097] Therefore, in this case, the clock frequency 
5 must be converted between these two frequencies. Up- 
on conversion of the clock frequency, when the frequen- 
cy is converted in the electronic zoom circuit 207, as 
shown in Figs. 8A and 8B, a memory and an interpola- 
tion circuit included in the electronic zoom circuit can be 
commonly used by other circuits, thus simplifying the ar- 
rangement of the overall apparatus. 
[0098] The external input recording mode will be de- 
scribed below. In this mode, the switch circuits 21 8, 21 9, 
and 220 are connected to the LINE (L) side, and the 
switch circuits 224, 225, and 226 are connected to the 
REC (R) side. 

[0099] When YC-separated signals are input as an 
externally input signal, these signals are input from the 
S input terminals 208. In this case, a Y signal is supplied 
to the A/D converter 21 3 via the switch circuit 211 , and 
is A/D-converted into a digital Y signal. 
[0100] A C signal is supplied to the color demodula- 
tion circuit 21 4 via the switch circuit 21 2, and is subject- 
ed to color demodulation, thus obtaining color-differ- 
ence color-difference signals R-Y and B-Y. Then, these 
signals are respectively A/D-converted into digital color- 
difference signals R-Y and B-Y by the A/D converters 
215 and 216. 

[0101] When an externally input signal is a composite 
video signal CO, it is input from the composite signal 
external input terminal 209. The composite video signal 
is separated into Y and C signals by the YC separation 
circuit 21 0, and the Y and C signals are respectively con- 
verted into a digital Y signal and digital color-difference 
signals R-Y and B-Y by the color demodulation circuit 
214 and the A/D converters 213, 215, and 216 via the 
switch circuits 211 and 212, in the same manner as de- 
scribed above. 

[0102] These signals are input to the digital recorder 
circuit 221 via the switch circuits 21 8,219, and 220, and 
are recorded on the digital video tape 223 via the mag- 
netic head 222. 

[0103] The outputs from the switch circuits 218, 219, 
and 220 are output from the video signal output termi- 
nals 235 as monitor signals like in the camera recording 
mode. 

[01 04] At this time, as a clock signal for operating the 
respective units, the A/D converters 21 3, 21 5, and 21 6, 
the digital recorder circuit 221, and the D/A converters 
228, 229, and 230 use the RCLK. 
[0105] As described above, since the digital recorder 
circuit 221 uses the reference clock frequency deter- 
mined by its recording format, the A/D converters 213, 
215, and 216 are also operated using the same clock 
as the recorder circuit 221 , thus simplifying the arrange- 
ment of the overall apparatus. 

[0106] The reproduction mode will be described be- 
low. In this case, the switch circuits 224, 225, and 226 
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are connected to the PB (P) side. A digital video signal 
recorded on the digital video tape 223 is reproduced by 
the magnetic head 222, and is converted into an elec- 
trical signal. The electrical signal is supplied to the digital 
recorder circuit 221 , and is subjected to processing such 
as digital demodulation, digital expansion, and the like, 
thus generating digital video signals Y, R-Y, and B-Y 
[0107] These signals are output as monitor signals 
from the video signal output terminals 235 in the same 
manner as in the above-mentioned two modes. At this 
time, as a clock signal for operating the respective units, 
the digital recorder circuit 221, and the D/A converters 
228, 229, and 230 use the RCLK. 
[0108] In this embodiment, since a camera signal 
processing system is operated using a clock optimal for 
the CCD and its processing system, a signal with high 
image quality can be obtained. Since an externally input 
signal processing system directly uses the clock of the 
digital recorder circuit, its circuit arrangement can be 
simplified. In particular, even when a synchronization 
signal of an externally input signal suffers from a tem- 
poral change component (jitter), the influence of the jitter 
can be minimized. 

[0109] Fig. 9 shows the detailed arrangement of the 
electronic zoom circuit 207 in the embodiment shown in 
Figs. 8A and 8B. Referring to Fig. 9, the digital zoom 
circuit 207 comprises input terminals 401 to 408, a co- 
efficient circuit 409, a multiplier 41 0, a control circuit 411 , 
a zoom processing circuit 412 for performing enlarge- 
ment processing of one signal, and output terminals 
426, 427, and 428. The zoom processing circuit 412 in- 
cludes a field memory 41 3 for memorizing an image sig- 
nal for one vertical period, a line memory 414 for mem- 
orizing an image signal for one horizontal period, flip- 
flops (FFs) 415 and 416 each for delaying an image sig- 
nal for one pixel, multipliers 417,418,419, and 420, and 
adders 421, 422, and 423. 

[0110] The circuit 207 also comprises zoom process- 
ing circuits 424 and 425, which are the same as the cir- 
cuit 412. In Fig. 9, these circuits 424 and 425 are not 
illustrated in detail for the sake of simplicity. 
[0111] Of signals in this circuit, an image signal uses 
signal lines corresponding to its data width, e.g., 8 bits. 
However, these signal lines for the image signal are il- 
lustrated as a single line for the sake of simplicity. 
[0112] A zoom signal ZOOM input from the zoom sig- 
nal input terminal 402 is input to the control circuit 411 
as a vertical zoom coefficient VZOOM, and is also input 
to the multiplier 410. 

[0113] The other input terminal of the multiplier 410 
receives a coefficient signal from the coefficient circuit 
409. The coefficient circuit 409 stores a ratio FRCLK/ 
FCCLK between a frequency FCCLK of the CCLK sup- 
plied from the camera timing generator 203 in Figs. 8A 
and 8B and a frequency FRCLK of the RCLK supplied 
from the digital recorder circuit 221 . A product between 
this value and the zoom signal is output from the multi- 
plier 410, and is supplied to the control circuit 411 as a 



horizontal zoom coefficient HZOOM. 
[0114] The control circuit 411 calculates the position 
on the screen based on input signals HD, VD, and RCK, 
and generates interpolation coefficients X1 , X2, X3, and 
5 X4, a horizontal clock enable signal CE, and a read hor- 
izontal synchronization signal RHD. The circuit 411 con- 
trols the operation of the electronic zoom circuit 207 us- 
ing these signals. 

[011 5] A luminance signal Y input from the Y input ter- 
10 minal 403 is input to the zoom processing circuit 412, 
and a signal for one vertical period is stored in the field 
memory 413. The field memory 413 is a memory called 
a dual-port memory. The memory 41 3 receives an input 
image signal DIN in synchronism with a clock WCK, the 
is horizontal synchronization signal HD, the vertical syn- 
chronization signal VD, and a horizontal synchroniza- 
tion enable signal WHC for the write mode. Upon recep- 
tion of a clock RCK, a horizontal synchronization enable 
signal RHC , and a clock enable signal RC E for the read 
20 mode, the memory 41 3 outputs an output image signal 
DOUT according to these signals. The output from the 
memory 413 is input to a data input terminal DIN of the 
line memory 414. 

[0116] The line memory 414 stores an input signal in 
25 accordance with the horizontal synchronization signal 
HD and the clock enable signal CE, and outputs the 
stored signal from a terminal DOUT 
[011 7] The output signals from the field memory 41 3 
and the line memory 414 are respectively input to the 
30 multipliers 417 and 419, and are delayed by one pixel 
by the flip-flops 415 and 416. The delayed outputs are 
respectively input to the multipliers 418 and 420. 
[0118] The multipliers 417,41 8, 41 9, and 420 respec- 
tively receive the outputs X1 , X2, X3, and X4 from the 
35 control circuit 411 at their other terminals, and product 
signals with these outputs are added to each other by 
the adders 421 , 422, and 423 to obtain a Y output signal 
YOUT The signal YOUT is output from the Y output ter- 
minal 426. 

40 [0119] Color-difference signals R-Y and B-Y are re- 
spectively input from the input terminals 407 and 408, 
are processed by the zoom processing circuits 424 and 
425 in the same manner as the above-mentioned Y sig- 
nal, and are respectively output from the color-differ- 

45 ence output terminals 427 and 428. 

[01 20] This operation will be described in detail below. 
For the sake of simplicity, the operation of the Y signal 
system when the value of the coefficient circuit 409 is 
"1 ■ and the value of the zoom signal ZOOM is n 2 tt will be 

50 explained below. The output RHC from the control circuit 
411 is generated once per two horizontal periods 2H, 
and the field memory 41 3 outputs the signal of the same 
horizontal line for two horizontal periods. 
[0121] Furthermore, since the horizontal clock enable 

55 signal RCE is generated once per two RCLK clocks, the 
same output is obtained for every two output pixels. The 
line memory 414 outputs signals obtained by delaying 
these pixels by one horizontal period. 
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[0122] Since the flip-flops 415 and 41 6 output signals 
obtained by delaying these pixels by one horizontal pix- 
el, signals of four pixels, i.e., the current pixel P(x,y), its 
left neighboring pixel P(x-1 ,y), its upper neighboring pix- 
el P(x,y-1 ), and its upper left neighboring pixel (x-1 ,y-1 ), 
are obtained in the multipliers 417 to 420 for every two 
clock periods. 

[0123] At the first clock in the two clock periods, the 
other inputs of the multipliers 417 to 420 receive: 

X1 = 0, X2 = 0, X3 = 0, and X4 = 1 , 
and, a signal of the upper left neighboring pixel of the 
current pixel is extracted. 
[0124] At the next clock, the inputs are: 

X1 = 0, X2 = 0, X3 = 0.5, and X4 = 0.5, 
and, an average value of the upper left and upper pixels 
is extracted. 

[01 25] In the next horizontal period, since the RHC is 
not output, as described above, the signal of the same 
pixel is obtained at the same horizontal position as the 
above-mentioned position. Therefore, the multipliers 
417 to 420 receive the same signals as in the previous 
line for every two RCLK clock periods in the same man- 
ner as in the previous line. 

[0126] At this time, at the first clock in the two clock 
periods, the other inputs of the multipliers 417 to 420 
receive: 

X1 = 0, X2 = 0.5, X3 = 0, and X4 = 0.5, 
and, an average value of the upper left and left pixels is 
extracted. 

[0127] At the next clock, the inputs are: 

X1 = 0.25, X2 = 0.25, X3 = 0.25, and X4 = 0.25, 
and, an average value of the four pixels, i.e., the upper 
left, upper, left, and current pixels, is extracted. 
[0128] In this manner, a signal between adjacent pix- 
els is obtained by linear interpolation, and a X2 image 
is obtained. When the value of the zoom signal ZOOM 
is other than 2, or when the value of the coefficient circuit 
409 is not 1 , values different from the above-mentioned 
values are input to the terminals VZOOM and HZOOM 
of the control circuit. However, an image which is ob- 
tained by enlarging an input signal to XHZOOM in the 
horizontal direction and to xVZOOM in the vertical di- 
rection, and is linearly interpolated is obtained from the 
output of the adder 423 in the same manner as the 
above-mentioned operation. 

[01 29] The zoom processing circuits 424 and 425 out- 
put image signals obtained by enlarging the color-differ- 
ence signals R-Y and B-Y in the horizontal and vertical 
directions in accordance with the zoom signal ZOOM 
and the output from the coefficient circuit 409 in the 
same manner as described above. 
[0130] In this embodiment, since enlargement of an 
image and conversion of the clock rate are performed 
by linear interpolation correction, deterioration of an im- 
age caused by processing can be minimized. Since the 
conversion ratio of the clock rate and the zoom ratio can 
be independently input, if different clock rates are used, 
only the conversion ratio of the clock rates need only be 



changed, and the circuit arrangement need not be 
changed. 

[0131] Fig. 10 is a detailed block diagram showing the 
second arrangement of the electronic zoom circuit 207 

5 in the embodiment of the present invention. The same 
reference numerals in Fig. 10 denote the same or cor- 
responding parts as in Fig. 9. Referring to Fig. 10, the 
circuit 207 comprises frame memories 430 and 431 
which are the same as the frame memory 41 3. 

10 [0132] The control circuit 411 receives the CCLK, and 
also receives, at the terminal VZOOM, the zoom signal 
ZOOM, and at the terminal HZOOM, a value obtained 
by multiplying the zoom signal ZOOM with the output 
from the coefficient circuit 409 by the multiplier 410 as 

T5 in Fig. 9. 

[0133] The output WHC from the control circuit 411 is 
a write horizontal synchronization enable signal for the 
frame memories 41 3, 430, and 431 , and the output WCE 
is a write clock enable signal for the frame memories 

20 41 3, 430, and 431 . These outputs are input to the frame 
memories, and control their operations. 
[0134] The operation of this arrangement will be de- 
scribed below. For the sake of simplicity, the operation 
of the Y signal system when the output from the coeffi- 

25 cient circuit 409 is "1 ■ and the value of the zoom signal 
ZOOM is "0.5" will be explained below. 
[01 35] The output WHC from the control circuit 41 1 is 
generated once per two horizontal periods 2H, and in 
the field memory 413, a signal is written at the same 

30 horizontal position for two horizontal periods. 

[01 36] Furthermore, since the write clock enable sig- 
nal WCE is generated once per two CCLK clocks, sig- 
nals are written at the same positions for every two input 
pixels. 

35 [0137] At the read side, since the horizontal synchro- 
nization signal HD is input as the read horizontal syn- 
chronization enable signal, and the RCLK is input as the 
read clock, an image obtained by reducing an input im- 
age to 1/2 in the horizontal and vertical direction is read 

40 out. 

[01 38] In this manner, since pixel signals are thinned 
out to 1/2, an image is reduced to 1/2. 
[0139] When the value of the zoom signal ZOOM is 
other than 0.5, or when the value of the coefficient circuit 
45 409 is not 1 , values different from the above-mentioned 
values are input to the terminals VZOOM and HZOOM 
of the control circuit. However, an image which is ob- 
tained by reducing an input signal to XHZOOM in the 
horizontal direction and to XVZOOM in the vertical di- 
sc rection is obtained from the output of the frame memory 
41 3 in the same manner as the above-mentioned oper- 
ation. 

[0140] The frame memories 430 and 431 output im- 
age signals obtained by reducing the color-difference 
55 signals R-Y and B-Y in the horizontal and vertical direc- 
tions in accordance with the signal ZOOM and the out- 
put from the coefficient circuit 409 in the same manner 
as described above. 
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[0141] In this case, since enlargement of an image 
and conversion of the clock rate can be performed with- 
out arranging any external circuit in addition to the frame 
memories, a decrease in mounting area, low power con- 
sumption, and low cost can be realized. s 
[0142] The circuits shown in Figs. 9 and 10 respec- 
tively exemplify the arrangements for realizing enlarge- 
ment and reduction of an image. When these circuits 
are combined and their operations are switched via a 
switch, the arrangement for realizing reduction and en- 
largement by a single circuit can be easily obtained. In 
this case, when the control circuit and the field memories 
are commonly used by enlargement and reduction cir- 
cuits, a switch circuit need only be added to the circuit 
shown in Fig. 9, and an increase in the number of circuit 
components can be minimized. 
[0143] Furthermore, when a means for controlling 
read/write operations of the field memories used in this 
circuit is added, special effects such as a still effect, a 
stroboscopic effect, and the like can be easily realized. 
[01 44] Figs. 1 1 A and 11 B are a block diagram show- 
ing the arrangement according to the eighth embodi- 
ment of the present invention. The same reference nu- 
merals in Figs. 11 A and 11 B denote the same or corre- 
sponding parts as in Figs. 8A and 8B. 
[0145] Referring to Figs. 11 A and 11B, an apparatus 
comprises an AGC circuit 501 for varying the gain of an 
input signal, and a synchronization separation circuit 

502 for separating a synchronization signal from an in- 
put digital Y signal with a synchronization signal, and 
generating a clock LCLK synchronized with the sepa- 
rated synchronization signal. 

[0146] The apparatus also comprises switch circuits 

503 and 504 for selecting an input signal in accordance 
with a switching signal S/COas in the switch circuit 211 , 
and a switch circuit 505 for switching an input signal in 
accordance with a switching signal C/L as in the switch 
circuits 218, 219, and 220. 

[0147] Note that the YC separation circuit 210 and the 
color demodulation circuit 21 4 are arranged to process 
digital signals unlike in Figs. 8A and 8B. 
[0148] Referring to Figs. 11 A and 11B, when the 
switch circuits 218, 219, 220, 224, 225, and 226 are 
switched in accordance with signals CAMERA/LINE 
and REC/PB generated by a control signal (not shown), 
the apparatus operates in three major modes, i.e., cam- 
era recording, external input recording, and reproduc- 
tion modes. Operations in these modes will be de- 
scribed in turn below. 

[0149] The camera recording mode will be described 
below. In this mode, the switch circuits 218, 219, 220, 
and 505 are connected to the CAMERA (C) side, and 
the switch circuits 224, 225, and 226 are connected to 
the REC (R) side. 

[01 50] The operation from the lens 201 to the camera 
signal processing circuit 206 is the same as that of the 
circuit shown in Figs. 8A and 8B. 
[01 51] A luminance signal Y and color-difference sig- 



nals R-Y and B-Y output from the camera signal 
processing circuit 206 are input to the electronic zoom 
circuit 207 via the switch circuits 218, 219, and 220. At 
this time, the CCLK generated from the camera timing 
generator 203 is input to the electronic zoom circuit 207 
via the switch circuit 505. 

[0152] In the electronic zoom circuit 207, enlargement 
or reduction processing is performed at a magnification 
according to a zoom signal input from the zoom terminal 
21 7 as in Figs. 8A and 8B. At the same time, the former 
half circuit portion uses the CCLK, the latter half circuit 
portion uses the RCLK generated by the digital recorder 
circuit 221, and conversion of the clock rates is per- 
formed at a joint portion between these circuit portions. 
The outputs from the electronic zoom circuit are input to 
the digital recorder circuit 221 in the same manner as in 
Figs. 8A and 8B, and thereafter, the same operation as 
in Figs. 8A and 8B is performed. 
[0153] The external input recording mode will be de- 
scribed below. In this mode, the switch circuits 218, 21 9, 
220, and 505 are connected to the LINE (L) side, and 
the switch circuits 224, 225, and 226 are connected to 
the REC (R) side. 

[01 54] When YC separated signals are input as an ex- 
ternally input signal, these signals are input from the S 
input terminals 208. A Y sigrial is supplied to the AGC 
circuit 501 via the switch circuit 211 , and its signal level 
is adjusted in accordance with a synchronization signal 
SYNC (to be described later), so that the synchroniza- 
tion signal portion has a predetermined level. The output 
from the AGC circuit 501 is A/D-converted by the A/D 
converter 213. 

[01 55] The digital Y signal as the output from the A/D 
converter 21 3 is input to the electronic zoom circuit 207 
via the switch circuits 503 and 218. The digital Y signal 
is also input to the synchronization separation circuit 
502, thus generating a synchronization signal SYNC 
and an external input clock LCLK synchronized with the 
signal SYNC. 

[0156] The external input clock LCLK is generated by, 
e.g., a phase-locked loop (PLL), to have a frequency 
corresponding to an integer multiple of the horizontal 
synchronization frequency in the synchronization signal 
and the color subcarrier frequency. The clock LCLK is 
supplied to the electronic zoom circuit 207 via the A/D 
converters 213 and 215, the YC separation circuit 210, 
the color demodulation circuit 214, and the switch circuit 
505. 

[0157] A chrominance signal C input from the corre- 
sponding S input terminal 208 is A/D-converted into a 
digital chrominance signal by the A/D converter 215, 
and the digital chrominance signal is supplied to the 
color demodulation circuit 21 4 via the switch circuit 504. 
The digital chrominance signal is demodulated into 
color-difference signals R-Y and B-Y by the circuit 214, 
and the color-difference signals R-Y and B-Y are input 
to the electronic zoom circuit 207 via the switch circuits 
21 9 and 220, respectively. 
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[01 58] When an externally input signal is a composite 
video signal CO, the signal CO is input from the com- 
posite signal external input terminal 209, and is supplied 
to the AGC circuit 501 via the switch circuit 211. The 
signal level of the composite video signal CO is adjusted $ 
by the circuit 501 in accordance with the synchronization 
signal, so that its synchronization signal portion has a 
predetermined level, in the same manner as described 
above. The output from the AGC circuit 501 is A/D-con- 
verted by the A/D converter 213. 
[0159] The digital composite video signal as the out- 
put from the A/D converter 21 3 is separated into Y and 
C signals by the YC separation circuit 210. Of these sig- 
nals, the Y signal is input to the electronic zoom circuit 
207 via the switch circuits 503 and 218. 
[0160] Of the outputs from the YC separation circuit 
210, the chrominance signal C is demodulated into dig- 
ital color-difference signals R-Y and B-Y by the color de- 
modulation circuit 214 via the switch circuit 504 in the 
same manner as described above. The color-difference 
signals are input to the electronic zoom circuit 207 via 
the switch circuits 219 and 220. 
[01 61] In the electronic zoom circuit 207, enlargement 
or reduction processing is performed at a magnification 
according to a zoom signal input from the zoom terminal 
21 7 as in Figs. 8A and 8B. At the same time, the former 
half circuit portion uses the LCLK, the latter half circuit 
portion uses the RCLK generated by the digital recorder 
circuit 221, and conversion of the clock rates is per- 
formed at a joint portion between these circuit portions. 
The outputs from the electronic zoom circuit 207 are in- 
put to the digital recorder circuit 221 in the same manner 
as in Figs. 8A and BB, and thereafter, the same opera- 
tion as in Figs. 8A and 8B is performed. 
[0162] Since the operation in the reproduction mode 
is the same as that in Figs. BA and 8B, a detailed de- 
scription thereof will be omitted. 
[0163] In the arrangement of this embodiment, of ex- 
ternally input signals, the Y signal of S input signals, and 
the composite input signal are subjected to level adjust- 
ment of the single AGC circuit. For this reason, even 
when the level of an externally input signal does not 
have a normal value, or when the level varies, deterio- 
ration of image quality can be suppressed. 
[01 64] Since YC separation, color demodulation, and 
synchronization separation are performed using digital 
signals, deterioration or aging of characteristics caused 
by crosstalk of signals between adjacent circuits, a 
change in circuit components due to a change in tem- 
perature, variations in individual circuit components, 
and the like can be prevented. 

[0165] When the circuit is realized by a single semi- 
conductor integrated circuit, an apparatus having a high 
integration degree, low cost, and low power consump- 
tion can be realized. Only two A/D converters for exter- 
nal inputs are required. Special effects such as enlarge- 
ment, reduction, and the like can be similarly applied to 
an externally input signal as in a camera photographing 



mode. 

[0166] Fig. 12 shows the detailed arrangement of 
main part of the electronic zoom circuit 207 in Figs. 11 A 
and 11 B according to the eighth embodiment of the 
present invention. Circuit portions other than those 
shown in Fig. 12 are the same as those in Fig. 9 or 10. 
[0167] Referring to Fig. 12, the circuit 207 includes a 
switch circuit 510, and coefficient circuits 511 and 512 
respectively having coefficients K1 and K2. 
[0168] A zoom signal ZOOM input from the zoom in- 
put terminal 402 is input to the control circuit 411 as a 
vertical zoom signal VZOOM, and is simultaneously in- 
put to the multiplier 410. The output from the multiplier 
410 is input to the control circuit 411 as a horizontal 
zoom signal HZOOM. 

[0169] One of the coefficients K1 and K2 of the coef- 
ficient circuits 511 and 512 is selected by the switch cir- 
cuit 510 in accordance with a camera/external input 
switching signal, and the selected coefficient is input to 
the other input of the above-mentioned multiplier 410. 
[0170] The control circuit 411 generates interpolation 
coefficients X1 , X2, X3, and X4, and the CE and RHD 
in accordance with the above-mentioned inputs RCLK, 
HD, VD, VZOOM, and HZOOM, and performs enlarge- 
ment, reduction, and clock rate conversion in the same 
manner as in Fig. 9 or 10. In this case, the clock rate 
can be converted at an appropriate ratio in correspond- 
ence with the camera recording mode or the external 
input recording mode. In this case, an increase in the 
number of circuit components can be minimized. 
[0171] The ninth embodiment of the present invention 
will be described below with reference to Fig. 1 3. Refer- 
ring to Fig. 13, an apparatus includes an image pickup 
lens 201 , a CCD 202 as a color image pickup element, 
an S/H circuit 204, and an A/D converter 205. 
[0172] The apparatus also includes a filter color sep- 
aration block 255 for obtaining a luminance signal Y 0 , a 
luminance signal Y-, delayed from Y 0 by one horizontal 
period (to be referred to as 1 H hereinafter), and chromi- 
nance signals Y L , C R , and C B . 

[0173] The apparatus further includes a low-pass filter 
256 and a color separation matrix circuit 257 for per- 
forming a matrix calculation of the input chrominance 
signals Y L , C R , and C B to obtain primary color signals 
R, G, and B. 

[0174] The apparatus also includes a white balance 
circuit 258 for multiplying the input signals R, G, and B 
with coefficients according to the object illumination light 
color temperature, a gamma circuit 259 for performing 
gamma correction of the input signals R, G, and B, a 
color-difference matrix 260 for synthesizing color<Jiffer- 
ence signals R-Y and B-Y from the input signals R, G, 
andB, and a modulation circuit 261 for performing quad- 
rature modulation of the input signals R-Y and B-Y with 
a color subcarrier. 

[0175] The apparatus also includes a burst adder 262, 
a chrominance signal output terminal 263, a subtracter 
264, a vertical aperture signal processing circuit (VAPC 
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processing) 265 including gain varying processing, 
base clipping processing, and low-pass filter process- 
ing, an adder 266, a gamma circuit 267, a white black 
clipping circuit 268, a delay circuit 269, a synchroniza- 
tion adder 270, and a Y output terminal 271. 
[0176] In this embodiment with the above-mentioned 
arrangement, an object image (not shown) is formed on 
the photoelectric conversion surface of the CCD 202 via 
the image pickup lens 201 , and is photoelectrical^ con- 
verted into image pickup signals. The image pickup sig- 
nals are output to the S/H circuit 204. The image pickup 
signals are converted into a continuous signal by the S/ 
H circuit 204, and the continuous signal is A/D-convert- 
ed into a digital image pickup signal by the A/D converter 
205. The digital image pickup signal is converted into 
chrominance signals Y L , C R , and C B> and luminance sig- 
nals Y 0 and Y-, by the filter color separation block 255. 
[0177] The chrominance signals Y L , C R , and C B are 
formed as follows. More specifically, four different types 
of small color filters Y e , C y , M g , and G are formed on the 
photoelectric conversion portion of the CCD 202. In a 
read operation, the CCD 202 adds and reads outputs 
from these filters as four combinations Y e + M g , C y + G, 
Y e + G, and C y + M g by an interlace operation. These 
combinations will be referred to as W r , G b , G r , and W b 
for the sake of simplicity 

[01 78] On the filter color separation block, the follow- 
ing calculations of the outputs are performed: 

Y L = W r + G b orG f + W b 
C R = W r -G b 

[01 79] Primary color components in these signals are: 
Y L = 2R + 3G + 2B 



C R = 2R-G 



C B = G - 2B 

The matrix calculation of these signals is performed by 
the color separation matrix (to be described later) to ob- 
tain primary color components R, G, and B. 
[0180] The obtained signals Y L , C R , and C B are input 
to the low-pass filter 256 to extract their low-frequency 
components. Then, the color separation matrix per- 
forms the following matrix calculation of the input signals 
Y L , C R , and C B to separate the primary color compo- 
nents R, G, and B: 
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The components R, G, and B obtained as described 
above are adjusted by the white balance circuit 258 by 

io multiplying them with the reciprocal ratio of the color 
component ratio in object illumination light, so that the 
components R, G, and B of a white object have a ratio 
of 1 : 1 : 1 . Thereafter, the components R, G, and B are 
subjected to predetermined gamma correction in the 

is gamma circuit 259. 

[01 81 ] Then, the color-difference matrix 260 performs 
a predetermined calculation to obtain color-difference 
signals R-Y and B-Y. The color-difference signals are 
subjected to quadrature modulation in the modulation 

20 circuit 261 , and a burst signal is added to the modulated 
signal by the burst adder 262. The chrominance signal 
output from the adder 262 is directly output from the C 
output terminal 263, or is output to an external device 
such as a television, a VTR, or the like after D/A con- 

25 version. 

[0182] The signals Y 0 and output from the filter 
color separation block 255 are input to the subtracter 

264 to obtain a signal Y r Y 0 . This signal is subjected to 
gain varying processing, base clipping processing, and 

30 low-pass fitter processing in the VAPC processing circuit 

265 so as to form a vertical aperture signal. 

[0183] The vertical aperture signal is added to the sig- 
nal Y 0 by the adder 266, and the sum signal is subjected 
to gamma correction in the gamma circuit 267. Then, 
35 the signal output from the circuit 267 is clipped at pre- 
determined white and black levels in the white-black 
slipping circuit 268, and is then delayed by the delay 
circuit 269. 

[01 84] Since the total number of delay stages in a sig- 

40 nal processing circuit formed by the circuits 256, 257, 
258, 259, 260, 261 , 262, and 263 is larger than that of 
a luminance signal processing circuit formed by the cir- 
cuits 264, 265, 266, 267, 268, 269, 270, and 271, the 
delay amount of the delay circuit 269 is set to be a delay 

45 amount corresponding to the difference between these 
total numbers. The output from the delay circuit 269 is 
added to a synchronization signal by the synchroniza- 
tion adder 270, and the sum signal is connected to an 
external device via the Y output terminal 271 in the same 

50 manner as the above-mentioned signal. 

[0185] Fig. 14 is a block diagram showing in detail the 
arrangement of the filter color separation block 255 in 
Fig. 13. Referring to Fig. 14, the block 255 includes a 
delay line (1 H D.L) 901 for 1 H, and delay elements 902, 

55 903, 904, 905, 906, 907, 924, 925, 926, 927, 928, and 
929 such as D-type flip-flops. 

[0186] The block 255 also includes coefficient multi- 
pliers 908, 909, 910, 911, 912, 913, 914, 930, 931, 932, 
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933, 934, 935, and 936 respectively having predeter- 
mined coefficients to K 7 . 

[0187] The block 255 further includes adding up cir- 
cuits 91 5 and 937 for adding up all input signals, adders 
916, 921, and 938, 1/2 coefficient multipliers 917 and 
939, switch circuits 918, 919, 922, 923, 940, and 941, 
and subtracters 920 and 942. 

[01 88] In the filter color separation block 255 with the 
above-mentioned arrangement, an input signal S in is 
delayed by the delay elements 902 to 907, and the sig- 
nal S jn and the outputs from these delay elements are 
respectively multiplied with the coefficients K A to K 7 by 
the coefficient multipliers 908 to 914. These product sig- 
nals are added up by the adding up circuit 915, thus 
forming and outputting the luminance signal Y 0 . 
[01 89] The input signal S in and the output from the de- 
lay element 903 are added to each other by the adder 
916, and the sum signal is multiplied with 1/2 by the co- 
efficient multiplier 917. Then, the product signal and the 
output from the delay element 902 are alternately se- 
lected by the switch circuits 918 and 91 9 in accordance 
with a switching signal S v This switching signal is 
used for switching signals in accordance with the ar- 
rangement of the color filters on the CCD 202 in syn- 
chronism with the horizontal scanning clock. 
[0190] The outputs from the switch circuits 918 and 
91 9 are added to each other to obtain the signal Y L , and 
at the same time, a difference between these outputs is 
calculated by the subtracter 920. The output from the 
subtracter 920 and the output from the subtracter 942 
(to be described later) are alternately switched by the 
switch circuits 922 and 923 in accordance with a switch- 
ing signal S 2 , thus forming and outputting the signals C R 
and C B . 

[0191] On the other hand, the input signal S in is de- 
layed by 1H by the delay line 901, and the luminance 
signal delayed from Y 0 by 1 H is generated and output 
by the delay elements 924 to 929, the coefficient multi- 
pliers 930 to 936, and the adding up circuit 937 in the 
same manner as described above. 
[0192] As in the above-mentioned operation, the out- 
puts from the delay line 901 and the delay element 925 
are added to each other and multiplied with 1/2 via the 
adder 938 and the coefficient multiplier 939, and the out- 
put from the coefficient multiplier 939 and the output 
from the delay element 924 are alternately selected by 
the switch circuits 940 and 941 . The difference between 
the outputs from the switch circuits 940 and 941 is cal- 
culated by the subtracter 942, and as described above, 
the output from the subtracter 942 and the output from 
the subtracter 920 are alternately selected to form and 
output the signals C R and C B . 

[01 93] In Fig. 1 4, Y 0 is obtained by the following trans- 
fer function H^Z): 

H 1 (Z) = K 1 + Z" 1 -K 2 + Z' 2 -K 3 + Z' 3 *K 4 



+ Z* 4 K 5 + Z' 5 .K 6 +Z" 6 -K 7 

[0194] In a normal video filter, = K 7 , K 2 = K 6 , and 
5 K 3 = K 5 . At this time, the group delay time is 3r (x is the 
delay time per stage of the delay element). As for Y v 
the group delay time in the horizontal direction is as- 
sumed to be 3x. 

[0195] As for Y L , C R , and C B , although nonlinear cir- 
io cuits (switch circuits) are included, the group delay time 
in only the horizontal direction is assumed to be 1t. 
[0196] Therefore, the signals Y L , C R , and C B are out- 
put earlier by 2t than the signals Y 0 and Y v and the 
number of stages of the above-mentioned delay circuit 
*s 269 can be decreased. 

[0197] Fig. 15 is a block diagram showing another em- 
bodiment of the filter color separation block. The same 
reference numerals in Fig. 15 denote the same parts as 
in Fig. 14. 

20 [0198] Referring to Fig. 1 5, the filter color separation 
block includes a 1 H delay line 943, an adder 944, and 
a coefficient multiplier 945 having a coefficient of 1/2. 
[0199] An input signal is added to a 2H-delayed 
signal (to be described later) by the adder 944, and the 
25 sum signal is multiplied with 1/2 by the coefficient mul- 
tiplier 945. Thereafter, the product signal is input to the 
delay element 902, the coefficient multiplier 908, and the 
adder 916 in the same manner as in Fig. 14. The output 
from the delay line 901 is input to the delay element 924, 
30 the coefficient multiplier 930, and the adder 938 as in 
Fig. 1 4, and is simultaneously input to the 1 H delay line 
943. 

[0200] The delay line 943 further delays the input sig- 
nal by 1 H, and outputs a signal delayed by a total of 2H. 
35 The 2H-delayed signal is added to the signal S in by the 
adder 944, as described above. The following operation 
is the same as that in Fig. 14. 

[0201] With this arrangement, when a signal delayed 
by 1 H from the input signal S in is represented by S 1H , 
40 and a signal delayed by 2H from the signal S jn is repre- 
sented by S 2H , signals used for generating the chromi- 
nance signal are S jn + S 2H /2 and S 1H , and since the 
centers of gravity in the vertical direction are equal to 
each other, color smearing (false color signal) due to an 
45 error can be eliminated. Since a vertical edge signal of 
the luminance signal also has an equal center of gravity, 
a distortion of an image in the vertical direction can be 
eliminated. 

[0202] In each of the embodiments described above, 
50 the digital recorder circuit performs recording/reproduc- 
tion of an image. However, the present invention is not 
limited to this. The present invention can be applied to 
recording/reproduction apparatuses which receive dig- 
ital signals. 

55 [0203] As described above, according to the embod- 
iments of the present invention, since image pickup vid- 
eo signal data having the first clock rate for operating 
an image pickup unit and video signal data having the 



25 



30 



35 



40 



45 



15 



29 



EP 0 618 739 B1 



30 



second clock rate tor operating the recording unit are 
converted in the electronic zoom circuit for electronically 
enlarging or reducing an image, a video signal formed 
by the camera can be recorded by the digital recorder 
without being D/A-converted. Thus, deterioration of im- 
age quality can be minimized. 
[0204] When the circuit is realized by an integrated 
circuit, since it includes many digital circuit portions, 
high integration, low power consumption, and high pre- 
cision can be attained. 

[0205] Furthermore, since the memory and interpola- 
tion circuit in the electronic zoom circuit can be com- 
monly used, recording/reproduction of a camera signal 
and an external signal can be realized by adding a small 
number of components to the circuit for realizing an 
electronic zoom function. Therefore, the power con- 
sumption and mounting area can be minimized, and the 
arrangement of the overall apparatus can be simplified. 
[0206] Also, a digital image pickup signal processing 
circuit can be realized without increasing the circuit 
scale. 



converter (19,20). 

3. A digital signal recording device in accordance with 
claim 2 wherein said digital modulation means 

5 (30-32) comprises a D/A converter (28,29) for D/A 
converting digital colour information signals repro- 
duced by said digital recording device (10-21) or 
generated by said digital processing means (6), and 
converted by said frequency converter (1 9,20); and 

10 analog modulation means (32) for modulating 

the output of said D/A converter (28,29). 

4. An apparatus in accordance with any preceding 
claim wherein said digital signal recording device 

'5 further comprises: 

a D/A converter (12) for converting a digital 
luminance signal received into an analog luminance 
signal, wherein said A/D converter (18) for convert- 
ing an analog luminance signal into a digital lumi- 

20 nance signal is arranged to convert an analog lumi- 
nance signal received or a digital luminance signal 
converted by said D/A converter (12). 



5. An apparatus in accordance with any preceding 
25 claim wherein said A/D converter (10) for A/D con- 
verting a said analog colour information signal is ar- 
ranged to convert said signal at a frequency corre- 
sponding to a frequency tour times a sub-carrier fre- 
quency. 

30 

6. A digital video camera comprising: 

a digital signal recording device (10-21) in ac- 
cordance with any preceding claim; 
35 image pickup means (1 -5) for generating a dig- 

ital image signal; 

digital processing means (6) for processing a 
digital image signal generated by said image 
pickup means (1-5) to generate a digital lumi- 
40 nance signal and a digital colour information 

signal; and 

input means (7-9) for receiving an analog lumi- 
nance signal (Y) and an analog colour informa- 
tion signal (C) from an external device. 

45 

7. . An apparatus in accordance with claim 6, wherein 
said image pickup means (1-5) comprises: 



Claims 

1. A digital signal recording device (10-21) for digitally 
recording an image on a video tape (22) at a sam- 
pling frequency, said digital signal recording device 
(10-21 ) being arranged to receive digital luminance 
and digital colour information signals and analog lu- 
minance and analog colour information signals (Y, 
C), characterised in that said recording device 
(10-21) includes : 

an A/D converter (18) for A/D converting a said 
analog luminance signal (Y) into a digital lumi- 
nance signal at said sampling frequency, and 
an A/D converter (10) for A/D converting a said 
analog colour information signal (C) into a dig- 
ital signal at a frequency corresponding to an 
integer multiple of the sub-carrier frequency, 
which frequency is different from said sampling 
frequency. 

2. A digital signal recording device (1 0-21 ) in accord- 
ance with claim 1 further arranged to reproduce dig- 
itally recorded images recorded on a video tape 
(22), said apparatus further comprising: 

a frequency converter (19,20) for converting a 
sampling frequency of digital colour information 
signals to the sampling frequency of said digital 
recording device (10-21); and 
digital modulation means (28-32) for modulat- 
ing digital colour information signals repro- 
duced from said digital recording device 
(10-21) or generated by a digital processing 
means (6), and converted by said frequency 



analog image pickup means (1-4) for generat- 
50 jng an analog image signal; and 

an A/D converter (5) for converting a said ana- 
log image signal into a digital image signal. 



8. A digital video camera apparatus in accordance 
55 with claim 6 or 7, further comprising: 

an electronic zoom circuit (202-221) for elec- 
tronically enlarging or reducing an image, compris- 
ing: 
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a first clock (203) for determining a sampling 
frequency for said image pickup means (1-5); 
and 

a second clock (221 ) for operating said digital 
signal recording device (10-21), said second 
clock (221 ) having a frequency different from a 
frequency of the first clock (203); 
wherein digital image data generated by said 
image pickup means (1 -5) at said first clock rate 
is converted into image data of the second 
clock rate in said electronic zoom circuit 
(202-221). 

9. A digital video camera in accordance with any of 
claims 6, 7 or 8, wherein said digital processing 
means (6) for processing a digital image signal gen- 
erated by said image pickup means (1-5) to gener- 
ate a digital luminance signal, and a digital colour 
formation signal is constituted by a plurality of stag- 
es of delay circuits, a plurality of coefficient multipli- 
ers for multiplying outputs from said plurality of stag- 
es of delay circuits with predetermined coefficients, 
an adding up circuit for adding up the outputs from 
said plurality of coefficient multipliers, and a colour 
signal forming circuit for forming a colour informa- 
tion signal using some of signals output from said 
plurality of stages of delay circuits. 



Patentanspruche 

1. Digitale Signalaufzeichnungseinrichtung (10 - 21) 
zur digitalen Aufzeichnung eines Bildes auf ein Vi- 
deoband (22) mit einer Abtastfrequenz, wobei die 
digitale Signalaufzeichnungseinrichtung (10 - 21) 
eingerichtet ist, digitale Leuchtdichte- und digitale 
Farbinformationssignale und analoge Leuchtdich- 
te- und analoge Farbinformationssignale (Y, C) zu 
empfangen, dadurch gekennzeichnet, daB die 
Aufzeichnungseinrichtung (10 -21) ausgestattet ist 
mit: 



einem Frequenzumsetzer (19, 20) zum Umset- 
zen einer Abtastfrequenz digitaler Farbinfor- 
mationssignale in die Abtastfrequenz der digi- 
talen Aufzeichnungseinrichtung (10 - 21); und 

5 mit 

digitalen Modulationsmitteln (28 - 32) zur Mo- 
dulation von digitalen Farbinformationssigna- 
len, die die digitale Aufzeichnungseinrichtung 
(10-21) wiedergibt Oder die ein digitales Ver- 

10 arbeitungsmittel (6) erzeugt und der Frequenz- 

umsetzer (19, 20) umsetzt. 

3. Digitale Signalaufzeichnungseinrichtung nach An- 
spruch 2, deren digitales Modulationsmittel (30 - 32) 

is einen D/A-Wandler (28, 29) zur D/A-Wandlung von 
digitalen Farbinformationssignalen enthalt, die die 
digitale Aufzeichnungseinrichtung (10-21) wieder- 
gibt oder die das digitalen Verarbeitungsmittel (6) 
erzeugt und der Frequenzumsetzer (19, 20) um- 

20 setzt; und mit 

einem analogen Modulationsmittel (32), das 
das Ausgangssignals vom D/A-Wandler (28, 29) 
moduliert. 

25 4. Gerat nach einem der vorstehendne Anspruche, 
dessen Signalaufzeichnungseinrichtung des weite- 
ren ausgestattet ist mit: 

einem D/A-Wandler (12), der ein empfange- 
nes digitales Leuchtdichtesignal in ein analoges 

30 Leuchtdichtesignal umsetzt, wobei der A/D-Wand- 
ler (18), der ein analoges Leuchtdichtesignal in ein 
digitales Leuchtdichtesignal umsetzt, eingerichtet 
ist zum Umsetzen eines empfangenen analogen 
Leuchtdichtesignals Oder eines vom D/A-Wandler 

35 (12) umgesetzten digitalen Leuchtdichtesignals. 

5. Gerat nach einem der vorstehenden Anspruche, 
dessen A/D-Wandler (10), der das analoge Farb- 
dichtesignat umsetzt, eingerichtet ist zum Umset- 
40 zen des Signals mit einer Frequenz, die die vierfa- 
che einer Untertragerfrequenz ist. 



einem A/D-Wandler (18), der das analoge 
Leuchtdichtesignal (Y) mit der Abtastfrequenz 
in ein digitales Leuchtdichtesignal umsetzt, und *5 
mit 

einem A/D-Wandler (10), der das analoge Far- 
binformationssignal (C) mit einer Frequenz ge- 
maG einem ganzzahligen vlelfachen der Unter- 
tragerfrequenz in ein digitales Signal umsetzt, 50 
wobei sich die Frequenz von der Abtastfre- 
quenz unterscheidet. 

2. Digitale Signalaufzeichnungseinrichtung (10 - 21) 
nach Anspruch 1, die des weiteren eingerichtet ist 55 
zur Wiedergabe auf einem Videoband (22) digital 
aufgezeichneter Bilder, die des weiteren ausgestat- 
tet ist mit: 



6. Digitale vldeokamera, mit: 

einer digitalen Signalaufzeichnungseinrichtung 
(10-21) nach einem der vorstehenden Anspru- 
che; 

einem Bildaufnahmemittel (1 - 5) zum Erzeu- 
gen eines digitalen Bildsignals; 
einem digitalen Verarbeitungsmittel (6) zur Ver- 
arbeitung eines vom Bildaufnahmemittel (1 - 5) 
erzeugten digitalen Bildsignals, urn ein digita- 
les Leuchtdichtesignal und ein digitales Farb- 
informationssignal zu erzeugen; und mit 
einem Eingabemittel (7 - 9), das ein analoges 
Leuchtdichtesignal (Y) und ein analoges Farb- 
informationssignal (C) aus einer externen Ein- 
richtung empfangt. 
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7. Gerat nach Anspruch 6, dessen Bildaufnahmemittel 
(1-5) ausgestattet ist mit: 

einem analoges Bildaufnahmemittel (1 -4), das 
ein analoges Bildsignal erzeugt; und mit 
einem A/D-Wandler (5), der das analoge Bild- 
signal in ein digitales Bildsignal umsetzt. 

8. Digitales Videokameragerat nach Anspruch 6 oder 
7, das des weiteren ausgestattet ist mit: 

einer elektronischen Zoomschaltung (202 - 
221), die ein Bild elektronisch vergroftert oder 
verkleinert, mit: 

einem ersten Takt (203), der eine Abtastfre- 
quenz fur das Bildaufnahmemittel (1 - 5) be- 
stimmt; und mit 

einem zweiten Takt (221 ) zum Betreiben der di- 
gitalen Signalaufzeichnungseinrichtung (10 - 
21 ), wobei der zweite Takt (221 ) eine Frequenz 
hat, die sich von der Frequenz des ersten Tak- 
tes (203) unterscheidet; 
wobei eine Umsetzung vom Bildaufnahmemit- 
tel (1 - 5) erzeugter digitaler Bilddaten mit der 
ersten Taktrate in Bilddaten einer zweiten Takt- 
rate in der elektronischen Zoomschaltung (202 
-221)erfolgt. 

9. Digitale Videokamera nach einem der Anspruche 6, 
7 oder 8, dessen digitales Verarbeitungsmittel (6) 
zum Verarbeiten eines vom Bildaufnahmemittel (1 
- 5) erzeugten digitalen Bildsignals zum Erzeugen 
eines digitalen Leuchtdichtesignals und ein digita- 
les Farbinformationssignal gebildet ist aus: einer 
Vielzahl von Stufen von Verzogerungsschaltungen, 
einer Vielzahl von Koeffizientenmultiplizierern, die 
Ausgangssignale aus der Vielzahl von Stufen der 
Verzogerungsschaltung mit vorbestimmten Koeffi- 
zienten multiplizieren, einer Aufaddierschaltung 
zum Aufaddieren der Ausgangssignale aus der 
Vielzahl von Koeffizientenmultiplizierern und aus ei- 
ner Farbsignalerzeugungsschaltung, die ein Farb- 
informationssignal unter Verwendung einiger Aus- 
gangssignale aus der Vielzahl von Stufen der Ver- 
zogerungsschaltungen erzeugt. 



Revendications 

1. Dispositif (10 a 21) d'enregistrement de signal nu- 
merique destine a enregistrement numeriquement 
une image sur une bande video (22) a une frequen- 
ce d'echantillonnage, ledit dispositif (10 a 21 ) d'en- 
registrement de signal numerique etant agence 
pour recevoir des signaux numeriques de luminan- 
ce et d'information numerique de couleur et des si- 
gnaux analogiques de luminance et d'information 
analogique de couleur (Y, C), caracterise en ce que 



ledit dispositif (10 a 21) d'enregistrement 
comprend : 

un convertisseur A/D (d'analogique en numeri- 
5 que) (18), destine a convertir d'analogique en 

numerique un signal analogique (Y) de lumi- 
nance en un signal numerique de luminance, a 
ladite frequence d'echantillonnage ; et 
un convertisseur A/D (10) destine a convertir 
10 d'analogique en numerique un signal analogi- 

que (C) d'information de couleur en un signal 
numerique, a une frequence correspondant a 
un multiple entier de la frequence de sous-por- 
teuse, laquelle frequence est differente de ladi- 
15 te frequence d'echantillonnage. 

2. Dispositif (10 a 21) d'enregistrement de signal nu- 
merique selon la revendication 1 , agence en outre 
pour reproduire des images enregistr^es de facon 

20 numerique, enregistrees sur une bande video (22), 
ledit appareil comprenant en outre : 

un convertisseur (19, 20) de frequence destine 
a convertir une frequence d'echantillonnage de 

25 signaux numeriques d'information de couleur 

en la frequence d'echantillonnage dudit dispo- 
sitif (10 a 21 ) d'enregistrement numerique ; et 
un moyen (28 a 32) de modulation numerique 
destine a moduler des signaux numeriques 

30 d'information de couleur reproduits a partir du- 

dit dispositif (10 a 21) d'enregistrement nume- 
rique ou engendres par un moyen (6) de traite- 
ment numerique, et convertis par ledit conver- 
tisseur (19, 20) de frequence. 

35 

3. Dispositif d'enregistrement de signal numerique se- 
lon la revendication 2, dans lequel ledit moyen (30 
a 32) de modulation numerique comprend un con- 
vertisseur D/A (de numerique en analogique) (28, 

40 29) destine a convertir de numerique en analogique 
des signaux numeriques d'information de couleur 
reproduits par ledit dispositif (10 a 21 ) d'enregistre- 
ment numerique ou engendres par ledit moyen (6) 
de traitement numerique, et convertis par ledit con- 

45 vertisseur (1 9, 20) de frequence ; et 

un moyen (32) de modulation analogique des- 
tine a moduler la sortie dudit convertisseur D/A (28, 
29). 

50 4. Appareil selon I'unequelconque des revendications 
precedentes, dans lequel ledit dispositif d'enregis- 
trement de signal numerique comprend en outre : 
un convertisseur D/A (12) destine a convertir 
un signal numerique de luminance recu en un signal 

55 analogique de luminance, dans lequel ledit conver- 
tisseur A/D (18) destine a convertir un signal ana- 
logique de luminance en un signal numerique de 
luminance est agence pour convertir un signal ana- 
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logique de luminance recu, ou un signal numerique 
de luminance convert! par ledit convertisseur D/A 
(12). 

5. Appareil selon Tune quelconque des revendications 5 
pr6c6dentes, dans lequel ledit convertisseur A/D 
(10) destine a convertir d'analogique en numerique 

un signal analogique d'information de couleur est 
agencS pour convertir ledit signal a une frequence 
correspondant a une frequence de quatre fois une 10 
frequence de sous-porteuse. 

6. Cam6ra video num6rique comprenant : 

un dispositif (10 a 21) d'enregistrement de si- is 
gnal numerique selon Tune quelconque des re- 
vendications precedentes ; 
un moyen (1 a 5) de saisie d'image destine a 
engendrer un signal numerique d'image ; 
un moyen (6) de traitement numerique destine 20 
a traiter un signal numerique d'image engendre 
par ledit moyen (1 a 5) de saisie d'image pour 
engendrer un signal num6rique de luminance 
et un signal numerique d'information de 
couleur ; et 25 
un moyen (7 a 9) d'entree destine a recevoir, 
d'un dispositif externe, un signal analogique (Y) 
de luminance et un signal analogique (C) d'in- 
formation de couleur. 

30 

7. Appareil selon la revendication 6, dans lequel ledit 
moyen (1 a 5) de saisie d'image comprend : 

un moyen (1 a 4) de saisie d'image analogique 
destine a engendrer un signal analogique 35 
d'image ; et 

un convertisseur A/D (5) destine a convertir le- 
dit signal analogique d'image en un signal nu- 
merique d'image. 

40 

8. Camera video numerique selon la revendication 6 
ou 7, comprenant en outre : 

un circuit (202 a 221) de zoom electronique 
destine a agrandir ou reduire de maniere electroni- 
que une image, comprenant : 45 

une premiere horloge (203) destinee a deter- 
miner une frequence d'echantillonnage pour le- 
dit moyen (1 a 5) de saisie d'image ; et 
une seconde horloge (221) destinee a mettre 50 
en oeuvre ledit dispositif (10 a 21) d'enregistre- 
ment de signal numerique, ladite seconde hor- 
loge (221 ) ayant une frequence difterente de la 
frequence de la premiere horloge (203) ; 
dans lequel une donnee d'image numerique, $s 
engendr6e par ledit moyen (1 a 5) de saisie 
d'image a ladite premiere cadence d'horloge, 
est convert ie en une donnee d'image de ladite 



seconde cadence d'horloge dans ledit circuit 
(202 a 221 ) de zoom electronique. 

9. Camera video numerique selon Tune quelconque 
des revendications 6, 7 ou 8, dans lequel ledit 
moyen (6) de traitement numerique destine a traiter 
un signal numerique d'image, engendre par ledit 
moyen (1 a 5) de saisie d'image pour produire un 
signal numerique de luminance, et un signal nume- 
rique de formation de couleur est constitue par une 
pluralite d'etages de circuits a retard, une pluralite 
de multiplieurs par des coefficients destines a mul- 
tiplier des sorties de ladite pluralite d'6tages de cir- 
cuits a retard par des coefficients predetermines, 
un circuit d'addition destine a additionner les sorties 
de ladite pluralite de multiplieurs par des coeffi- 
cients, et un circuit de formation de signal de cou- 
leur destine a former un signal d'information de cou- 
leur en utilisant certains des signaux delivres par 
ladite pluralite d'6tages de circuits a retard. 
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